APOPTOSIS: MORPHOLOGY AND MECHANISMS
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Spontaneous cell death as a physiological event
was [irst discussed by Flemung in 1885, He gave
the  name chromatolysis o the apoptotic
process. The original concept of chromatolysis
did survive among the embryvologists and the
concept of cell suicide surfaced for the first time
after the lvsosomes were discovered in the late
19530s. Free radical pathology appeared in

19605, and then came apoptosis (1),

The critical experiment was published m 1972
by Kerr (2), He noticed a discrete drop-off of the
cells after inducing liver atrophy that he called
first shrinkage necrosis and a year later
apopmosis, Wyllie et al in 1984 linked the fadder
pattern of  the nuclear DNA  with  the
phenomenon of apoptosis and thereby added a

specific biochemical marker 1o the distinctive

=

marphological changes of apoptotic cells( 1.2, 3).

Necrosis b5 a gemeral term  referring  to

morphologic stigmata seen  afier a cell has
passcd the point of no return, The pointat which
the cells are irreversibly injured is difficult to
define: instead we define cell death by lawer
events, morphological changes called necrpsis
(1.4, 5). Necrosis is signalled by irreversible
changes in the nucleus (karyolysis, pyknosis.
and  karyorhexis) and in the cyioplasm
(condensation and intense cosinophilia. loss of
structure, and fragmemation). These are the
features of the necrosis whatever the mechanism
ol the cell death, which may be ischemia, toxins,
heat, mechanical trauma, or even apoptosis.
L'sed in this way, apoptosis is one form of

NEcTosis (apoptotic necrosis) (1),
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Although the terminalogy 5 niol perliet, the twn
best known modalities of cell demise are cell
death by suicide (apoptosis) and cell death by
murder (accidental cell death), The lilter can be
named as ischemic cell death and its necrosis as
ischemic (coagulative) necrosis, However the
rapidly developing tale of apoptosis warns us
that generalizations arc dangerous because.
fest, cell suicude does not alwavs take the form
of the apoptosis; second cell murder by
evtotoxie lymphoeytes and accidental causes,
such as mild heat and toxic agents, leads to
apoptosis: third there seem 1o several varieties of
apopiosis and forth different cell types may

tellow dilferent rules (1, 4, 5, 6.).

MORPHOLOGY
Apoptosis characteristically aflects  scattered
single cells, not groups of adjoining cells. The
chromatin becomes pyknotic and packed into
smooth  masses applied  against the nuclear
membrane (marginalization of the chromsann).
creating curved profiles (1. 3. 7). The nugicus
may also break up (karvorhexis) and the cell
emils  processes (the budding phenomenon).
['hese processes tend to break off and become
apaptotic bedies: which may be phagocytized by
macrophages or neighbouring cells such as
epithelial cells or remain free. The apoplotic
cells do not indoce an inflammatory response.

even when they are present in large numbers,

The rapul phagocyiosis of apoptotic bodies s of

critical importance in preventing inflammation

(R,

Ulrrastructurally, the  endoplasmic  reticulum

dilates and a series of crater-like cavities appear
where the dilated cvsternae fuse with the cell
surface. In contrast 1o the cell death bv other

means, there is  litle or no

swiellmg  of
mitochondria or other organelles (3. 7)), Eleéiron
microscopy 1s rarely apphied for quantitation of
apoptosis because of being an expensive and

lime consuming procedure.

On light microscopic examination with routine

hematoxvlene  and  eosin-stained sechions.
apoptotic bodies can be idennfied (Figure 1),
However. there are descrepancies about the
reliability of the identification. such as there
may be difficulties in identifving. carly
apoptotic cells and occasionally apopotic cells
are lost from epithehal surfaces into lumim
where they eventually swell and rupture (3). The
apoptotic index 15 determined by counting
either 1000 cells or cells in 10-15 high power

fields (#)

Figure 1. Light microscopic apopiotic morphologs.
Apoptotic renal twbule cells and many  apoptatic
hodies without any inflammatory  response. &R
staining (x400 magnification),
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Adthough a universal biochemical or antigenic
marker for apoptosis s still lacking. fortunately
a  recemt technical  advance  makes  the
wentification of apoptosis at the single eell
level, a matter of simple Istochemistin, a
method that  takes the advantage of the DNA
breaking  points (micks) exposing molecular
endings that are chemically specific. Recently, a
Tde-mediated  nick  end-labeling  1rechmque
{TUNEL)Y was deseribed and have been proven
o e dretplul in the o situ detection of apoprotic
cells (90, However. some mitotic eells may also
be stamed i this method while cells with
obvious  apoplotic morphology  mayv  nol be
stained and microwave treatment is effective in
imcreasing the sensitivity (101, The characteristic
strand  breaks can also be dewected by oa
modification of the nick wranslation procedure,
which allows in situ end labeling (ISEL) of the
INA frizgments (11} This method relies on the
use of a DNA polymerase that acts  on the
naturally occuring  strand breaks seen during
apoptesis. allowing the mcorporation of a non-
otopically  labelled nuclestide. Also, NMow
exvtometry may be performed for determining the
apoptotic content, But this again results in

contamination with undesired stromal cells (8),

EFFECTOR MECHANISMS

Many of the current

effectors  for apopiotic cell death  (calcium
dysregulation,  oxudalive  stress.  protease
activation) are  established  mechanisms  in

necrosis. The occurrence of the similar features

i both morphologies of cell death suggests that

hvpotheses concerning:

there is some degree of overlap in the triggers
and perhips initial ceflular responses to injury.
but segregation of these responses bv himing.
logation, and in some cases strength of stimulos
argues that both modes of <ell death are

stamificantly diverzent responses.

Biochemically, the DNA s broken down into
oligonuclensomal fragments that are multiplies
ol approximately 185 bp and  gives the

characteristic “ladder”  on agarose  wel
electropharesis; Selective activation et caleium-
magnesium sensitive endogenous endonuc|eases
appear 1w be responsible nov only for wide-
spread chromatine cleavage but alse for the
iajor  nuclear morpholowical changes (3. 172,

3. 14)% Shortly betare the onset of the
chromatine changes, free cyiosolic calcium rises
to moderate levels of arcund 8000M. I is
unknown  whether the raised  caleiim  level
results  from  receptor-mediated  process.  or
accpmpanies minor anjury, and  whether the

souree of caleium s external or internal (3)

The: charactenistic  nuclear morphology
apoplosis can also be explained in the erms of
cleavage of wranscriptionally active ribozomal
oenes. with conservation of the nuclealin-rich
fibrillar centre (12)  The dependance of
apoptosis on protein and RNA svnthesis s
compatible with the view that new transeription
15 involved In morphological changes including
the shrinkage and condensation of the apopiotic
cells. Some of the shrmkage and distortion of
the contour of the apoptotic cells are atributable

to activation of transglutaminase expressed by
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apeptotic cells (3.7). The swill phagocyviosis is
the result of recounition by the phagoceytic cell
of new molecular swructures revealed on the
surface of the apoptotic cell (1,7).

Fhe spoptatic process is under genktic control
andd can be inggered by an mternal clock. or bwoa

variety of extracellular agents. There are several

examples of specific genctically  determined
apoptotic  pathways. The most  compelling

example of such a cell death pathway comes

from studies of the nematode Caencrhabditis:

elegans (Figure 2), The Celegans gene ced-9
protects against apoptosis and appears 0 be
homelegous 10 the proto-oncogene bel-2 which
encodes a  protein  localized to the outer
mitochendrial, nuclear, endoplasmic reticulum

membranes, 11 nhibits ced-30 2 homologous

gene oo manunalinn gene, the interleukin

converting  enzyme  (WE) The apoptotic
processes  including  cell shrinkage, surface
changes  permitting phagoeytosis and

endonuclease activation are initiated through the
CED 3/ ICE-like proteases. However woe lack
the zenetic evidence proving that high levels of
ICE expression and [CE-like proteases induce
apoptosis. Moreover, there is oan alternative

hypothesis  that bel-2 protects cell  from
apoptosis by mhibiting lipid peroxidation even
i1l presence ol reactive oxvgen intermediates
(15, 16, 17) Belx and mel-1 are the other
members of the bel-2 family, There are also viral
homologues, and bel-2 interacts with other
proteins such as H-ras, having several alternative

partners (18],
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Figure 2. Specifie defined pathways controlling  apoprosis elucidated from genenie studies in Celegans as well

as spontanenus matattons o higher oraanisms
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he tunctional integrity of bel-2 depends on its
abilitn o heterodimerize with bax, & bel-2
binding protein. Mutations involving two eritical
amine acids (Gly 145 and Trpl88) at bel2
destroys this ability. The mutation in codon 145
15 a single Glv-to-Glu substitution. On the olher
hand. the bax homodimers acts in opposition 1o
the apopetic suppressive effect of hel-2. The
ratio ol bax/bel-2 could be therefore critical in
determining the fate of the cell in response 1o the

stimuli that can induce apoptosis (15,18.19,20).

Bel-2 does  net inhibit  apoptosis  in o all

circumstances, it fails w0 block  apoptosis

mduced by evtotoxic T-lymphocytes  (17),
NSevertheless, stimulisuch as fas-ligand receptor
mteractions  and the p33  twmor suppresser
protein-dependant

pathway  indueed by

genotoxic agems and  radiation can modulaie
apuplosis (Figure 2), The fas-apo | gene. a cell

surface  maolecule

belonging  to the  twmor

necrosis  factor-receptor  family  initiates &
sequence of events that s probably finally
mediated by ICE-like proteases. In the immune
svatem, Fas and fag ligand are involved in down-
regulation of immune reactions as well as in T-
cell  mediated  evtotoxicity.  Frequentlv  up-
regulation of p33 mediates a cell cvele arrest in

G DNA damage 15 extensive, p33 mediates

apoptosis of that cell, preventing propazation of

the damaged DNA. To what extent p53 s

wnvolved i oregulating apoptosis 15 unknown,

however it alfects the levels of bel-2 and bax

e s A LR

New' transcription of some genes that may be
triggers for apopiosis has been sought for by
candidate gene strategy (3, 15), Ixpression of c-
mye is of particular interest. On withdrawal of
serum growth factors. up-regulation of  c-mve
induces apoptosis. The possible involvement of
c-ras and the mutated ras oncogene expression
in the initation of apoptosis have heen also

critically revigwed

CONCLUSION

In  muolticetlular homeosiasis s

OTEANISMS,
thaintyined through a balance between cell
proliferation and cell death. Although much s
known about the conwol of cell proliferation.

less is known about the control of cell deatly.

Apaptosis is a morphologically distinet form of
cell death that eccurs through a cell-intrinsic
program regulated by many different signals that
originate  from genetic  and  hiochemical
pathways.

Recent evidence suggests that alteration in cell
survival contribute 1o the pathogenesis of a
number of human discases. including cancer.
viral  infections,

Aurcimmune diseasey,

neuradegenerative  disorders.  and  AIDS.
freatments designed to specifically alter the
apoptotic treshold may have the potential to
change the natural progression of some of these

cliscases,
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